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Summary
Increases in spiny lobster size and abundance have
been observed within some marine protected areas
(MPAs). To date, the potential economic benefits of
these changes have been assumed to derive from the
effects of emigration of adult lobster to adjacent
fishing grounds and/or increased larval export to
downstream nurseries that sustain fisheries.
According to economic theory, these effects may
provide consumptive (extractive) economic value to
the fishery but are only part of the total economic
value. Non-extractive economic value resulting from
viewing wildlife may also have an important impact
on the overall economic viability of some MPAs. This
research examined scuba diver preferences in the
Turks and Caicos Islands using a paired comparison
conjoint survey and assessed the influence that spiny
lobster (Panulirus argus) presence had on market share
for dive charter packages of varying environmental
quality and price. Market simulations showed signifi-
cant increases in market share for dives where spiny
lobsters were present, implying, for the first time, that
spiny lobsters have non-extractive economic value.
This non-extractive value of spiny lobster may have an
important impact on the economic viability of some
MPAs, especially those in regions like the Turks and
Caicos Islands that are highly dependent on marine-
oriented nature tourism.
Keywords: spiny lobster, Panulirus argus, scuba divers,
marine protected areas, conjoint analysis
Introduction
Spiny lobster, Panulirus argus, are a commercially important
species in many parts of the Caribbean, but stocks have long
been depleted by fishing (Ehrhardt 1994; Hunt 1994). In
some parts of the Caribbean there has been an increase in the
harvest of under-size immature lobsters to supply export
demand and the burgeoning tourist industry (King 1997).
The management of lobster stocks in the region is compli-
cated for a number of reasons. Given the complex life history
of the animal (Lipcius & Cobb 1994), it is difficult to link
spatial and temporal patterns of adult abundance to settle-
ment, and post-settlement abundance to the production of
adults (Lipcius et al. 1997). Local stocks of lobster are likely
to be dependent on ‘upstream’ sources of larval production
(Lyons 1981) due to diverse and variable surface current
patterns within the Caribbean (Roberts 1997a). Even after
settlement, variability in habitat quality, ontogenetic
migration, and differential postlarval and juvenile mortality
(Lipcius et al. 1997) make it difficult to predict the number of
adults that will recruit to the fishery three to four years in the
future. 
To complicate matters, the Greater Caribbean basin
contains a large number of small island nations and is socially
and institutionally complex (Chakalall et al. 1998). Many of
the national fisheries departments have very limited research
and management capacity, poor enforcement records and/or
limited access to information (Ehrhardt 1994; Christy 1997).
The combination of institutional and ecological complexity
makes regional management a challenging proposition.
Effective management at regional scale is necessary because
of the importance of matching ecological and institutional
scale in successful renewable resource management regimes
(Ostrom 1990).
Marine protected areas (MPAs) have been advocated as a
general fisheries management tool that is ecologically useful
and can simplify local and regional fishery management (Plan
Development Team 1990; Roberts & Polunin 1993; Roberts
1997b; Bohnsack 1998; Murray et al. 1999). MPAs may help
conserve essential habitat, increase recruitment to ‘down-
stream’ nursery grounds and adult ‘spillover’ to adjacent
commercial fishing grounds, increase or maintain levels of
biodiversity, maintain ecosystem resilience and provide non-
extractive recreational, research and educational
opportunities. MPAs are seen as a means to provide a
number of valuable services simultaneously (Costanza et al.
1998) and, as such, should be viewed as an important compo-
nent of any tropical coastal management strategy.
Lobster size and abundance increase within MPAs for
some spiny lobster stocks (Davis 1977; Childress 1997;
Lipcius et al. 1997). Evidence for spillover of adult lobster to
adjacent commercial fishing grounds is, however, limited
(MacDiarmid & Breen 1993; Childress 1997; Kelly et al.
2000). Due to the complex life history of spiny lobster, it has
proven more difficult to provide empirical support for the
positive effects of MPAs on downstream recruitment
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(Childress 1997), although the model of Stockhausen et al.
(2000) does support the hypothesis that MPAs can serve this
role. 
Many scientists and fishery managers assume that fisheries
enhancement provides the primary tangible economic
benefits resulting from MPAs. As Dayton et al. (2000, p. 268)
note, ‘everybody agrees that, with adequate protection,
reserves will enhance non-migratory stocks within their own
borders, but this enhancement increases only the aesthetic
values of the reserves. To add economic incentive, one must
be able to show that reserves improve fishing outside their
boundaries’. In some areas where tourism, scientific research
or education is important, non-extractive use values may also
have a substantial impact on the economic viability of MPAs.
Concentrating only on direct consumptive use value and
neglecting non-extractive and broader non-market values
may lead to the underestimation of the benefits of conserva-
tion and policies biased against marine conservation. 
In many tropical regions, where the use of MPAs hold
particular promise, de facto open access fishing regimes are
widespread (Christy 1997). Under open access conditions, all
of the producer surplus or economic rent may be dissipated
when fishers engage in intense competition (Gordon 1954),
leaving fishers (and society) economically no better off, even
though more fish are harvested. If the depletion of a fishery
imposed external costs on other members of society, as it
would when the depleted species was valued for tourism,
society would be worse off. Non-extractive uses of marine
species, on the other hand, do not usually impose high costs
on other sectors of society. Environmental quality has quasi-
public-good characteristics because non-extractive
‘consumption’ by one person often does not diminish the
experience of another, at least to the point where congestion
sets in (Davis & Tisdell 1996). Evidence suggests that degra-
dation of the marine dive tourism experience due to
overcrowding may decrease well-being before there is appre-
ciable physical damage to the marine environment (e.g.
Schleyer & Tomalin 2000). Divers and snorkellers can cause
damage to reefs (Rouphael & Inglis 1997; Plathong et al.
2000), but the effects are often localized and certainly not of
the same magnitude as those that result from uncontrolled
fishing. 
While some of the benefits of MPAs may be difficult to
quantify (e.g. increased ecological resilience or existence
value), the demonstration of direct and immediate economic
benefits could add substantial legitimacy to arguments for
using MPAs for fisheries management and conservation.
Tangible economic benefits are particularly important for
many of the developing island nations of the Caribbean that
have limited financial resources and may not be able to justify
environmental protection over the longer term given short-
term development priorities. In the Turks and Caicos Islands
(TCI), for instance, commercial fishing and marine-oriented
tourism are both important to the local economy. Rapid
growth of the tourism industry has made it the largest
industry in the TCI. According to TCI Tourism Board
figures, tourist arrivals increased to over 120 000 in 1999, an
increase of 53% from 1995 levels. Marine nature-based
tourism plays a very important role in the TCI, with over
10 000 dives recorded in two national marine parks during
the three-month period October to December 1999 (Homer
2000a). In addition, up to 100 snorkellers per day use the
popular Bight Reef alone during peak tourist season (Homer
2000b). In spite of widespread recognition of the importance
of environmental quality for marine-oriented tourism in the
TCI, commercial fishing and development pressures are
exerting increasing stress on marine ecosystems and MPAs in
the TCI (Homer 2000c).
There is a large body of literature in economics on non-
market valuation and it is widely acknowledged that viewing
wildlife and scenic amenities contribute to human well-being
and hence provide economic value (van Kooten & Bulte
2000). For recreational scuba divers, it is reasonable to
hypothesize that the size and/or abundance of some marine
species are one factor that might influence their satisfaction
with any particular dive experience (e.g. Shafer & Inglis
2000; Williams & Polunin 2000). Non-extractive economic
value for lobster has not been demonstrated to date. If spiny
lobster were to have non-extractive economic value, it would
be important for MPA planning and management for three
reasons: (1) any change in size and/or abundance of lobster
within an MPA is relatively easy to quantify; (2) the non-
extractive recreational economic benefits of such changes
occur in the short-term and are quantifiable; and (3) taxes or
fees on tourist activities offer a feasible means by which
developing country governments may extract part, or all, of
the consumer surplus which individuals hold for the larger
and/or more abundant lobsters within spatially explicit
MPAs. 
Do scuba divers in the TCI hold preferences such that an
increase in the abundance of spiny lobster increases diver
well being and adds economic value to the dive experience?
This study used a paired comparison conjoint survey to elicit
information about diver preferences by directly querying
survey respondents about their ratings for various hypothet-
ical dive profiles. The broader purpose of this research was to
use this paired comparison approach as a pilot survey that
would provide detailed insights useful in the experimental
design of a more comprehensive choice experiment (i.e.,
Hanley et al. 1998; Louviere et al. 2001), primarily targeted
on the non-extractive value of Nassau grouper, Epinephelus
striatus. As such, the goal of this survey was to develop an
increased understanding of diver preferences and marginal
trade-offs with regard to the ecological attributes of the dive
experience rather than a utility-theoretic estimate of
consumer surplus.
Methods
A paired comparison conjoint survey (e.g. Johnson &
Desvousges 1997; Johnson et al. 2000) was used to assess the
marginal trade-offs that divers made regarding key character-
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istics of the dive experience. In each survey question, respon-
dents expressed their preferences for one profile relative to
another using a rating scale. Each dive profile was composed
of a bundle of attributes that were important in determining
overall dive quality but that varied in level between the two
profiles. 
The survey was developed with input from TCI commer-
cial dive operators, a focus group, and two pilot surveys of
visiting university students and tourists. We found from
preliminary feedback that several major attributes influenced
the actual dive experience (rather than the entire ‘tourist
experience’ in the TCI). Because paired comparison surveys
are cognitively challenging and can lead to respondent
exhaustion (Huber 1997), it is important to limit the number
of questions in a survey. There is an implicit trade-off
between the amount of information we can gather in a paired
comparison survey and the likelihood that respondents will
complete the survey. After considering a variety of different
attributes that divers consider important, five key attributes
were chosen for inclusion in this survey: the size of the dive
group; the price of the dive; the presence of macrofauna (reef
shark, sea turtle or spiny lobster); Nassau grouper abun-
dance; and mean Nassau grouper size. 
The appropriate range for each attribute was developed
with input from divers and dive operators. The price of a
single tank dive was set at US$ 40, US$ 41, US$ 45, US$ 50
or US$ 60. Group size was specified as small (3 to 7 divers),
medium (8 to 14 divers), large (15 to 23 divers), or very large
(24 to 30 divers). For the macrofauna option, divers either
observed one or more spiny lobster, one or more sea turtles,
one or more reef sharks, or none of these animals during the
dive. Likewise, for Nassau grouper the divers could observe
fish of different mean size (2.27 kg, 6.80 kg or 13.61 kg mean
weight) and abundance (1, 3, 6 or 12 fish observed per 20-
minute dive). All levels were set within reasonable bounds to
maintain the realism of the scenarios to be compared. The
survey instrument specified that other potentially important
dive site attributes (e.g. water depth and clarity, coral cover,
and fish diversity) were comparable at all dive sites. 
Respondents were told in the self-administered survey
that damage to local reefs, caused by anthropogenic impacts
in the TCI, could make it necessary for dive operators to take
clients farther afield, to sites with higher environmental
quality. The cost of the dive to a more pristine but remote
area would thus rise. The question was posed in this way
after dive charter operators objected to a query about park
entrance fees during the pilot surveys (because they felt
revenue gathered by the government may not be used effec-
tively to protect environmental quality within parks). From a
theoretical perspective, variations in travel costs to a
particular site are economically equivalent to a per trip
entrance fee to the same location (Cameron 1992).
Respondents were reminded that the industry standard dive
price was around US$ 40 and that an increase in price to US$
60 could result in a substantial increase in expenditures for a
dive vacation in the TCI.
The survey instrument provided information about the
potential impacts of MPAs on the species used in the survey
and queried respondents about their personal background (a
copy of the survey instrument is available from the author
upon request). Respondents and TCI dive operators were
assured that all information collected would remain confiden-
tial. It should be noted that tourists in the TCI very rarely
engage in spearfishing or the collection of marine animals for
consumptive purposes. During preliminary discussions with
dive charter operators and divers, it was clear that the
removal, feeding, or touching of animals by divers is contrary
to established industry norms in the TCI. There is no doubt,
therefore, that any preferences expressed for the presence of
marine animals by divers in this research were based on non-
extractive opportunities for viewing wildlife. 
The survey was designed using the Sawtooth Software
Conjoint Value Analysis (CVA) software (Sawtooth Software
1996). An optimally efficient paired comparison survey
would be both orthogonal (i.e., attributes vary completely
independently) and balanced (i.e., each attribute is shown an
equal number of times). This survey used five attributes with
a total of 20 levels, yielding a design space of over 921 000
possible paired comparisons. Using the CVA experimental
design module, a nearly orthogonal and balanced experi-
mental design consisting of 18 survey questions was
constructed by choosing the design with the highest D-
efficiency (Kuhfeld et al. 1994). Candidate surveys were
generated using five pools of 108 randomly chosen conjoint
comparisons each. The CVA algorithm excluded one ques-
tion at a time for each of the five pools, deleting the task that
contributed least to the efficiency of the overall design, until
18 questions remained. This survey generation procedure
was repeated 500 times, resulting in the selection of a final
survey instrument with D  0.903 (where a score of 1.0 is
fully orthogonal and balanced).
Question one, for example, asks respondents to compare
two dive scenarios (profiles) and rate them on a scale of one
to nine, indicating the strength of their preference for one
scenario over the other. A rating of one indicated the respon-
dent strongly preferred the first scenario, a rating of nine
indicated they strongly preferred the second scenario, and a
rating of five indicated indifference between the two choices.
For the first scenario, the respondent would have to pay US$
50 to go on a dive in a group of 3–7 divers, during which they
would see one or more spiny lobsters and one small (2.27 kg)
grouper (while all other factors remained constant). For the
second scenario, the respondent would have to pay US$ 40 to
go on a dive in a group of 24–30 divers, during which they
saw one or more reef sharks and three medium (6.80 kg)
grouper. Paired comparisons of this type are designed to
elicit maximum information about subtle preference trade-
offs and have long been used in market research (Green &
Srinivasan 1978). Conjoint analysis examines preferences at
the individual level, so differences that might be masked in
the aggregate become apparent. For example, the responses
to the first question indicated that, on average, respondents
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were indifferent between the two scenarios (mean  5.01),
but there were substantial variations in preferences, with nine
individuals who strongly preferred scenario one and five who
strongly preferred scenario two.
At the TCI Center for Marine Resource Studies a variety
of visiting university students and tourists received the self-
administered survey; commercial dive charter operators also
distributed the survey forms to clients. The results were
collated and analysed using the CVA software. An ordinary
least square (OLS) dummy variable regression was
conducted for each survey respondent. The preference rating
for each of 18 survey questions, the dependent variable, was
re-scaled to a 4 to 4 scale. The independent variables,
namely group size, number of grouper, size of grouper, pres-
ence of spiny lobster or other fauna, and the price of the dive
package, were coded as 0 (not present in the question), 1
(present in the left hand profile) or 1 (present in the right
hand profile). The first level of each attribute was dropped
from the regression to avoid linear dependency. The CVA
software calculated an intercept, divided it by the number of
attributes and added the quotient to every regression coeffi-
cient. The resulting values, known in the marketing literature
as part-worths (the marginal valuations of choice variables),
were then available for use in market simulations. 
The CVA market simulation module was used to model
the market share for various hypothetical dive profiles. The
strength of various types of conjoint analyses is that they
allow the modelling of market share for products not
currently ‘on the market’; this explains their potential for
valuing and modelling consumer choices about new products
not yet in the market (Anderson & Bettencourt 1993; Carson
et al. 1994) as well as the ‘consumption’ of non-market
ecological goods and services (Hanley et al. 1998). In these
simulations, total utility for each alternative hypothetical dive
profile was calculated using the regression coefficients for
each survey respondent. Each respondent was assumed to
choose the dive profile with the highest overall utility in the
simulation. The individual choices were aggregated to deter-
mine market share (% of respondents choosing the option)
for each dive profile.
The baseline scenario for the simulations was one in which
each respondent was asked to choose amongst four dive
profile options which differed by group size and price: (1) a
small group (3–7 divers) at a price of US$ 60 per dive per
person; (2) a medium group (8–14 divers) at US$ 50; (3) a
large group (15–23 divers) at US$ 45; or (4) a very large
group (24–30 divers) at US$ 40. In the baseline profile, no
spiny lobster, sea turtles or reef sharks were observed. The
two grouper variables in the experiment were held constant
across all simulations (a single 2.27 kg grouper was observed
per 20-minute dive). 
In the simulations, changes in the presence of macrofauna
and their effects on market share for the four dive group
options were modelled. Market share was calculated for the
overall group and six demographic segments. The demo-
graphic segments were based on gender (male, female), age
(‘younger’ divers  30 years, ‘older’ divers 30 years and
over), and dive certification level (‘basic’ for divers with
resort or open water certification, ‘advanced’ for divers with
rescue, divemaster or instructor certification). Differences
between market share for demographic segments were tested
using a t-test and the Bonferroni adjustment (total -level of
0.05). Secondly, paired t-tests were used to test the
hypotheses that the small dive group (US$ 60) market share
and the market shares of other dive group options (medium,
large, very large) were equal, both in the presence and
absence of macrofauna (e.g. when lobster were present, was
the market share of the small and medium dive profiles
equal?). Thirdly, paired t-tests were used to test the
hypotheses that the market shares for particular dive package
options were equal in the presence and absence of macro-
fauna (e.g. was the market share for the small group profile
equal when lobsters were present or absent?). 
Results
A total of 87 (31%) usable surveys were returned. Of these,
46 were from females and 41 from males, 60 were from divers
younger than 30 years and 27 from divers 30 years or older,
and 60 were from divers with basic scuba certification and 27
from those with advanced certification. The correlation
between gender and certification, gender and age, and certifi-
cation and age, was 0.10 (p  0.351), 0.28 (p  0.008), and
0.24 (p  0.024), respectively. Conjoint surveys tend to be
cognitively challenging (Huber 1997; Johnson et al. 2000) and
response rates are often lower than other types of simpler
surveys (e.g. as low as 14% for Farber & Griner 2000).
The average part-worths from the regressions within the
macrofauna attribute category were 0.03 for no other animals,
0.28 for one or more lobsters, 0.49 for one or more sea turtles
and 0.58 for one or more reef sharks. Part-worths were used
to calculate the relative importance (RI) of each attribute in
contributing to overall utility for each respondent using the
equation: 
RIi,j  (maxi,j  mini,j)/i (maxi,j  mini,j) (1)
for i  1, 2, . . ., 5 attributes (group size; presence of lobster,
sea turtle or shark; number of grouper; size of grouper; and
dive price) and for j  1, 2, . . ., 87 respondents. Mean RI for
all respondents was 28.3 (SE  1.95) for dive group size, 29.8
(SE  1.36) for presence of lobster, sea turtle or shark, 14.9
(SE  1.00) for grouper abundance, 7.7 (SE  0.70) for
grouper mean size, and 19.4 (SE  0.95) for dive package
price. The size of the dive group and presence of other
animals were more important for respondents, on average,
than the price of the dive itself. Respondents derived higher
utility, on average, from the presence of sea turtles and sharks
compared to lobster, and higher utility from the presence of
lobster compared to an absence of macrofauna.
The baseline market shares for the overall group and
demographic segments are shown in Table 1. The prefer-
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ences of respondents for the presence of lobster led to higher
market share for the more expensive small group dive when
lobster were present compared to the baseline (Table 1). In
the baseline, when macrofauna are absent, the null
hypotheses that (a) male and female divers, and (b) divers
with basic and advanced certification, were equal could not be
rejected (fail to reject H0 at   0.05, p  0.05). The null
hypothesis that small group market share for older and
younger divers was equal was rejected (p  0.001). Older
divers exhibited a much stronger preference for the
expensive small group dive even in the baseline scenario. In
the scenario when spiny lobster were present on the small
expensive dive, there were no significant differences between
any demographic segments. Likewise, when reef shark or sea
turtle were present, there were no significant differences
between any of the demographic segments in the simulations.
When sea turtle were present on the small expensive dive,
82.8% of all respondents in the simulation would choose the
small group, compared to 10.3% for the medium-size group.
When reef sharks were present on the small group dive,
85.1% of all respondents would choose that dive compared to
only 5.7% for the medium-size group. 
Table 2 shows the results of tests examining the equality
of the small group, and the medium, large and very large
groups (e.g. H0 : Si,small  Si,medium ). When macrofauna were
absent, the null hypotheses of equal market shares were
rejected for (1) small and medium groups for younger divers
(p  0.010), and (2) small and medium (p  0.022), large (p
 0.022), and very large (p  0.001) groups for older divers.
Older divers preferred the small dive group profile even
though it was more expensive than other groups and macro-
fauna were absent. When spiny lobster were present for the
small group profile, the null hypothesis that the market share
Table 1 Simulation market shares (%) for four dive profiles when spiny lobsters are (a) absent and (b) present.
Market share (%) for dive profile
Small Medium Large Very large
(US$ 60) (US$ 50) (US$ 45) (US$ 40)
(a) Macrofauna absent
Overall (n  87)
Female (n  46)
Male (n  41)
Younger (n  60)
Older (n  27)
Basic certification (n  60)
Advanced certification (n  27)
(b) Spiny lobster(s) present
Overall (n  87)
Female (n  46)
Male (n  41)
Younger (n  60)
Older (n  27)
Basic certification (n  60)
Advanced certification (n  27)
28.7
23.9
34.1
16.7
55.6
25.0
37.0
60.9
67.4
53.7
60.0
63.0
58.3
66.7
34.5
39.1
29.3
41.7
18.5
36.7
29.6
13.8
10.9
17.1
13.3
14.8
18.3
3.7
18.4
17.4
19.5
18.3
18.5
20.0
14.8
13.8
10.9
17.1
13.3
14.8
13.3
14.8
18.4
19.6
17.1
23.3
7.4
18.3
18.5
11.5
10.9
12.2
13.3
7.4
10.0
14.8
Table 2 Testing the equality of small (S  3 to 7 divers)
and medium (M  8 to 14 divers), large (L  15 to 23
divers) and very large (VL  24 to 30 divers) dive profile
market shares for the overall sample and demographic
segments when lobsters are (a) absent and (b) present. Paired
t-test p-values are for total   0.05, individual  
0.00833.
Market share test (H0: Si,S  Si,j) 
p-value for j  M, L and 
VL dive profiles
H0: S  M H0: S  L H0: S  VL
(a) Macrofauna absent
Overall (n  87)
Female (n  46)
Male (n  41)
Younger (n  60)
Older (n  27)
Basic certification 
(n  60)
Advanced certification 
(n  27)
(b) Spiny lobster(s) present
Overall (n  87)
Female (n  46)
Male (n  41)
Younger (n  60)
Older (n  27)
Basic certification 
(n  60)
Advanced certification 
(n  27)
 0.503
 0.197
 0.700
 0.010
 0.022
 0.253
 0.646
 0.001
 0.001
 0.004
 0.001
 0.003
 0.001
 0.001
 0.161
 0.497
 0.205
 0.829
 0.022
 0.568
 0.110
 0.001
 0.001
 0.004
 0.001
 0.003
 0.001
 0.001
 0.161
 0.660
 0.128
 0.417
 0.001
 0.437
 0.202
 0.001
 0.001
 0.001
 0.001
 0.001
 0.001
 0.001
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for the small dive group was equal to any of the other groups,
where lobster were absent, was rejected in all cases (p  0.01;
Table 2). All hypotheses regarding the equality of market
shares of small group and other group market shares were
also rejected when either sea turtle or reef sharks were
present on the small group dive (p  0.01 in all cases).
The third set of results (Table 3) shows the results of tests
of equality between the small dive profile (US$ 60) when
macrofauna were present or absent. When spiny lobster were
present in the small expensive group, that group had signifi-
cantly higher market share for all demographic segments 
(p 	 0.01) except for older divers (p  0.327). When sea
turtle and reef shark were present on the small group dive,
the null hypothesis that market share for the small expensive
group was equal to market share when macrofauna were
absent was rejected for all demographic segments. With the
exception of the older divers, the preferences that divers held
for viewing spiny lobster led to a significant increase in simu-
lation market share for a dive package that was US$ 10 more
expensive than the closest competitive package. The prefer-
ences held by divers for viewing sea turtles and reef sharks
led to significant increases in market shares for all demo-
graphic segments.
Discussion
The results of these simulations clearly demonstrated that
the presence of spiny lobster resulted in increased market
share for a more expensive dive experience compared to a
dive experience with a lower price but no lobsters. Earlier
studies have shown strong demand for spiny lobster
recreational fishing permits in Florida (Davis & Dodrill 1985;
Hunt 1994), but the nature of the permit implied that the
value of lobster was derived from consumption rather than
viewing. The preferences of survey respondents upon which
these simulations were based imply that spiny lobster provide
non-extractive economic value to scuba divers surveyed in
the Turks and Caicos Islands.
There are differences in the value that spiny lobsters
contribute to the dive experience for different market
segments. In particular, there was not a significant difference
in market share for the small group dive profile in the pres-
ence or absence of lobsters for age 30 divers in the market
simulation. This is due to the high willingness of the older
divers to pay more for even the baseline small dive scenario
(56% market share). A number of survey respondents felt
that small groups offered them the chance to see more of
every type of animal; for these divers, there may be an
implicit correlation between group size and overall dive
quality that the current survey was unable to discriminate.
Alternatively, the older divers may exhibit congestion effects
at lower levels of crowding compared to younger divers. This
may relate to affluence: 56% of the 25 older divers who
reported income had household income of US$ 125 000 or
more, compared to only 23% of the 56 younger divers
reporting income. Note, however, that the presence of sea
turtles or reef sharks significantly increased market share
from the baseline for all demographic groups including the
older divers. This suggests that the results are more likely
due to diver preferences rather than congestion effects.
Strong diver preferences for sea turtle (e.g. Williams &
Polunin 2000) and reef shark are not surprising, given the
high profile that these groups enjoy amongst recreational
divers. These results, while interesting, do not have strong
policy implications in the TCI because these animals are
quite mobile and may not be afforded much, if any, protec-
tion by local MPAs. 
This research was exploratory in nature and there are
likely biases in the sampling. It is not known how many of the
surveys given to dive charter operators for distribution to
their clients were actually distributed. Charter operators
tended to have substantially different market niches; some
catered to experienced divers willing to pay top prices for
small group charters, while others catered exclusively to large
resorts that specialized in ‘mass-tourism’ holiday packages.
Some dive operators commented that their clients did not
want to spend their holiday time filling out complicated
survey forms and were hesitant to actively support survey
distribution. The inclusion of university students in the
sample probably resulted in an over-representation of
younger, less affluent survey respondents. In future research,
it would be useful to conduct exit interviews at the main
international airport in order to obtain a more representative
and comprehensive sample of divers (and snorkellers) from
all demographic segments. In the TCI, as in many other
Caribbean nations, this would be relatively simple because
there is a single port of entry that accounts for the vast
majority of tourist arrivals. Future research might use a
choice experiment or other stated preference format (e.g.
Louviere et al. 2001) to develop formal estimates of consumer
surplus that results from the diver preferences the current
research has identified. 
The weighted average dive price (i [Sharei][Pricei]/4) for
the baseline scenario with no lobster was US$ 50.11, while
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Table 3 Testing the equality of small dive (US$ 60) profile
market shares for the overall sample and demographic
segments when macrofauna are absent (S0) and present (S1).
Paired t-test p-values are for total   0.05, individual 
  0.00833.
Market share test (H0: S0  S1) 
p-value
Lobster Sea turtle Reef shark
presence presence presence
Overall (n  87)
Female (n  46)
Male (n  41)
Younger (n  60)
Older (n  27)
Basic certification (n  60) 
Advanced certification (n  27)
 0.001
 0.001
 0.010
 0.001
 0.327
 0.001
 0.003
 0.001
 0.001
 0.001
 0.001
 0.017
 0.001
 0.001
 0.001
 0.001
 0.001
 0.001
 0.006
 0.001
 0.001
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the weighted average when lobster were present during the
small group dive was US$ 54.25, an increase of US$ 4.14 per
dive (8.3%). Paired comparison analyses tend to overempha-
size the value of individual attributes because there is a
limited number of alternatives available in the questionnaire,
resulting in an exaggeration of the importance of attributes
that might be less salient in reality (Huber 1997). In addition,
the market simulations did not take into account cross-
attribute interactions (e.g. would the presence of lobster have
as much of an impact on dive profile choice if more and/or
larger grouper were present?), nor did the paired comparison
format provide an estimate of consumer surplus, the theor-
etically correct measure of economic welfare for non-market
valuation. Still, the study demonstrates that added value was
derived from the presence of spiny lobster on dives and that
it should not be unreasonable to think of values of US$ 1 to
US$ 2 per dive as the non-extractive economic value of
lobsters to divers in the TCI. Snorkellers are likely to hold
similar non-extractive economic value for spiny lobsters.
Spiny lobster is an animal that is relatively accessible for
snorkellers on shallow reefs, and many snorkellers, who tend
to be relatively new to the TCI and/or ‘inexperienced’ in
tropical waters, appear at least as enthused about seeing
lobsters as divers. 
Is it valid to ascribe a preliminary non-extractive use value
to spiny lobster even if there is not a utility-theoretic estimate
of economic surplus? Even when theoretically correct calcu-
lations of consumer welfare are available, they are most often
used to inform policy debates within a broader social context.
A ‘blue-ribbon’ panel (Arrow et al. 1993) recommended that
willingness-to-pay figures derived from contingent valuation
surveys are halved as a starting point for cost-benefit analysis
or litigation purposes. Economic efficiency is an important
consideration in the policy process, but it is only one of
several that influence policy decisions in political arenas (e.g.
Weimer & Vining 1998). The results of this research have,
for the first time, pointed to the existence of tourist prefer-
ences that give rise to non-extractive economic value for
invertebrates that have traditionally been viewed as valuable
only for extractive fishery purposes. While it would be
unwise to base MPA user fees on these results, there is justi-
fication for placing some positive non-extractive economic
value on spiny lobsters and to start to consider this value in
policy decisions about MPAs, tourism, and spiny lobster
fishery management in the tropics.
If the presence of lobster provided up to US$ 2 value for
each marine-based experience and the stocks were healthy
enough that lobster were seen on a regular basis, the non-
extractive economic value of lobster in the TCI could be
substantial. Based on a census of 10 000 dives conducted over
three months in two national parks (Homer 2000a), it is likely
that 150 000 dives are conducted each year in the TCI when
all other dive sites are considered. MPAs that increased the
abundance of lobster in key areas that were accessible for
tourists would increase consumer surplus. Consumer
surplus, in turn, could be extracted from tourists visiting
protected areas to view wildlife by user fees (Chase et al.
1998; Gössling 1999). Nature-based tourism has been
increasing in importance over the past decade and tourists
generally exhibit a remarkable willingness to pay for
ecological services and attractions (Gössling 1999). 
Modest increases in monitoring and enforcement in
terrestrial parks have increased their effectiveness in
protecting biodiversity (Bruner et al. 2001). If similar trends
hold for MPAs (e.g. Williams & Polunin 2000), even modest
revenue generation from recreational sources could play an
important part in leading to increased longer-term total econ-
omic benefits. While increased levels of diving and
snorkelling activities have the potential to harm coral reefs
(Rouphael & Inglis 1997; Plathong et al. 2000), the creation of
MPAs can draw tourists to an area and increase the oppor-
tunities for positive spin-off benefits beyond revenue
generation. In the Mediterranean, popular MPAs draw
divers to see relatively rare species and provide local organiz-
ations with unique opportunities to educate visitors about the
marine environment and conservation (Harmelin 2000).
When recreational revenue can be used to increase the overall
effectiveness of an MPA, then it becomes more likely that
MPAs will persist for sufficiently long periods to have signifi-
cant impacts on consumptive economic benefits resulting
from spillover and larval export, or on non-market economic
benefits derived from increased biodiversity and ecosystem
resilience.
Fishery managers developing plans and policies for MPAs
should therefore not ignore the non-extractive economic
value of spiny lobster. The recreational value of spiny lobster
may well prove to have an important impact on the overall
economic viability of some MPAs, especially those in regions
like the Turks and Caicos Islands that are highly dependent
on marine-oriented nature tourism. Further exploration of
tourist preferences for environmental quality and research on
the impacts of these preferences on the non-extractive econ-
omic value of tropical coral reef ecosystems is warranted.
Acknowledgements
Thanks to S. Carew, E. Davies, J. Shapira and G. Weaver for
assistance designing and testing the pilot survey, M. Tupper
and M. Marcovitz for comments on survey design, TCI dive
charter operators for their assistance with survey design and
distribution, and N.V.C. Polunin and two anonymous
referees for valuable comments on the manuscript. 
References
Anderson, J.L. & Bettencourt, S.U. (1993) A conjoint approach to
model product preferences: the New England market for fresh
and frozen salmon. Marine Resource Economics 8: 31–49. 
Arrow, K., Solow, R., Portney, P.R., Leamer, E.E., Radner, R. &
Schuman, H. (1993) Advance notice of proposed rulemaking,
extension of comment period and release of contingent valuation
methodology report. Federal Register 58: 4601–4614.
232 M.A. Rudd
Rudd  8/10/01  1:52 pm  Page 232
Bohnsack, J.A. (1998) Application of marine reserves to reef fish-
eries management. Australian Journal of Ecology 23: 298–304.
Bruner, A.G., Gullison, R.E., Rice, R.E. & da Fonseca, G.A.B.
(2001) Effectiveness of parks in protecting tropical biodiversity.
Science 291: 126–128.
Cameron, T. A. (1992) Combining contingent valuation and travel
cost data for the valuation of nonmarket goods. Land Economics
68: 302–317.
Carson, R.T., Louviere, J.J., Anderson, D.A., Arabie, P., Bunch,
D.S., Hensher, D.A., Johnson, R.M., Kuhfeld, W.F., Steinberg,
D., Swait, J., Timmermans, H. & Wiley, J.B. (1994)
Experimental analysis of choice. Marketing Letters 5: 351–368.
Chakalall, B., Mahon, R. & McConney, P. (1998) Current issues in
fisheries governance in the Caribbean Community (CARICOM).
Marine Policy 22: 29–44.
Chase, L.C., Lee, D.R., Schulze, W.D. & Anderson, D.J. (1998)
Ecotourism demand and differential pricing of national park
access in Costa Rica. Land Economics 74: 466–482.
Childress, M.J. (1997) Marine reserves and their effects on lobster
populations: report from a workshop. Marine and Freshwater
Research 48: 1111–1114.
Christy, F.T. (1997) The development and management of marine
fisheries in Latin America and the Caribbean. Washington, DC,
USA: Inter-American Development Bank, Environment
Division: 82 pp. 
Costanza, R., Andrade, F., Antunes, P., van den Belt, M., Boersma,
D., Coesch, D.F., Catarino, F., Hanna, S., Limburg, K., Low,
B.S., Molitor, M., Pereira, J.G., Rayner, S., Santos, R., Wilson,
J.A. & Young, M. (1998) Principles of sustainable governance of
the oceans. Science 281: 198–199.
Davis, D. & Tisdell, C. (1996) Environmental management of
recreational scuba diving and the environment. Journal of
Environmental Management 48: 229–248.
Davis, G.E. (1977) Effects of recreational harvest on a spiny lobster,
Panulirus argus, population. Bulletin of Marine Science 27:
223–236.
Davis, G.E. & Dodrill, J.W. (1985) Marine parks and sanctuaries for
spiny lobster fisheries management. Bulletin of Marine Science 37:
194–207.
Dayton, P.K., Sala, E., Tegner, M.J. & Thrush, S. (2000) Marine
reserves: parks, baselines, and fishery enhancement. Bulletin of
Marine Science 66: 617–634.
Ehrhardt, N.M. (1994) The lobster fisheries off the Caribbean coast
of Central America. In: Spiny Lobster Management, eds. B.F.
Phillips, J.S. Cobb & J. Kittaka, pp. 133–143. Oxford, UK:
Blackwell Scientific Publications.
Farber, S. & Griner, B. (2000) Valuing watershed quality improve-
ments using conjoint analysis. Ecological Economics 34: 63–76.
Gordon, H.S. (1954). The economic theory of a common property
resource: the fishery. Journal of Political Economy 62: 124–142.
Gössling, S. (1999) Ecotourism: a means to safeguard biodiversity
and ecosystem functions. Ecological Economics 29: 303–320.
Green, P.E. & Srinivasan, V. (1978) Conjoint analysis in consumer
behavior: issues and outlook. Journal of Consumer Research 5:
103–123.
Hanley, N., Wright, R.E. & Adamowicz, W. (1998) Using choice
experiments to value the environment. Environmental and
Resource Economics 11: 413–428.
Harmelin, J.G. (2000) Mediterranean marine protected areas: some
prominent traits and promising trends. Environmental
Conservation 27: 104–105.
Homer, F. (2000a) Management plan for the Northwest Point
Marine National Park and West Caicos Marine National Park,
2000–2004. Providenciales, Turks and Caicos Islands:
Management Plan MP2, Coastal Resources Management Project,
Ministry of Natural Resources: 35 pp.
Homer, F. (2000b) Management plan for the Princess Alexandra
Land and Sea National Park, 2000–2004. Providenciales, Turks
and Caicos Islands: Management Plan MP1, Coastal Resources
Management Project, Ministry of Natural Resources: 38 pp.
Homer, F. (2000c) Threats to protected areas in the Turks and
Caicos Islands and priorities for management interventions.
Providenciales, Turks and Caicos Islands: Coastal Resources
Management Project, Ministry of Natural Resources: 102 pp.
Huber, J. (1997) What have we learned from 20 years of conjoint
research: when to use self-explicated, graded pairs, full profile 
or choice experiments. Proceedings of the 1997 Sawtooth
Software Annual Conference. [www document] URL
http://www.sawtoothsoftware.com/techpap.shtml 
Hunt, J.H. (1994) Status of the fishery for Panulirus argus in Florida.
In: Spiny Lobster Management, eds. B.F. Phillips, J.S. Cobb & J.
Kittaka, pp. 158–168. Oxford, UK: Blackwell Scientific
Publications.
Johnson, F.R. & Desvousges, W.H. (1997) Estimating stated pref-
erences with rated-pair data: environmental, health, and
employment effects of energy programs. Journal of Environmental
Economics and Management 34: 79–99.
Johnson, F.R., Ruby Banzhaf, M. & Desvousges, W.H. (2000)
Willingness to pay for improved respiratory and cardiovascular
health: a multiple-format, stated-preference approach. Health
Economics 9: 295–317.
Kelly, S., Scott, D., MacDiarmid, A.B. & Babcock, R.C. (2000)
Spiny lobster, Jasus edwardsii, recovery in New Zealand marine
reserves. Biological Conservation 92: 359–369.
King, T.D. (1997) Folk management among Belizean lobster fish-
ermen: success and resilience or decline and depletion. Human
Organization 56: 418–426.
Kuhfeld, W.F., Tobias, R.D. & Garratt, M. (1994) Efficient exper-
imental design with marketing research applications. Journal of
Marketing Research 31: 545–557. 
Lipcius, R.N. & Cobb, J.S. (1994) Introduction: ecology and fishery
biology of spiny lobsters. In: Spiny Lobster Management, eds. B.F.
Phillips, J.S. Cobb & J. Kittaka, pp. 1–30. Oxford, UK: Blackwell
Scientific Publications.
Lipcius, R.N., Stockhausen, W.T., Eggleston, D.B., Marshall Jr,
L.S. & Hickey, B.M. (1997) Hydrodynamic decoupling of
recruitment, habitat quality and adult abundance in the
Caribbean spiny lobster: source-sink dynamics? Australian
Journal of Marine and Freshwater Research 48: 807–815.
Louviere, J.J., Hensher, D.A. & Swait, J.D. (2001) Stated Choice
Methods: Analysis and Applications. Cambridge, UK: Cambridge
University Press: 402 pp.
Lyons, W.G. (1981) Possible sources of Florida’s spiny lobster
population. Proceedings of the Gulf Caribbean Fisheries Institute 33:
253–266.
MacDiarmid, A.B. & Breen, P.A. (1993) Spiny lobster population
changes in a marine reserve. In: Proceedings of the Second
International Temperate Reef Symposium, eds. C.N. Battershill,
D.R. Schiel, G.P. Jones, R G. Creese & A.B. MacDiarmid, pp.
47–56. Wellington, New Zealand: NIWA Marine.
Murray, S.N., Ambrose, R.F., Bohnsack, J.A., Botsford, L.W.,
Carr, M.H., Davis, G.E., Dayton, P.K., Gotshall, D.,
Non-extractive value of spiny lobster 233
Rudd  8/10/01  1:52 pm  Page 233
234 M.A. Rudd
Gunderson, D.R., Hixon, M.A., Lubchenco, J., Mangel, M.,
MacCall, A., McArdle, D.A., Ogden, J.C., Roughgarden, J.,
Starr, R.M., Tegner, M.J. & Yoklavich, M.M. (1999) No-take
reserve networks: sustaining fishery populations and marine
ecosystems. Fisheries 24(11): 11–25.
Ostrom, E. (1990) Governing the Commons: The Evolution of
Collective Action. Cambridge, UK: Cambridge University Press:
280 pp.
Plan Development Team (1990) The potential of marine fishery
reserves for reef fish management in the US southern 
Atlantic. NOAA Technical Memorandum NMFS-SEFC-261: 40
pp.
Plathong, S., Inglis, G.J. & Huber, M.E. (2000) Effects of self-
guided snorkeling trails on corals in a tropical marine park.
Conservation Biology 14: 1821–1830.
Roberts, C.M. (1997a) Connectivity and management of Caribbean
coral reefs. Science 278: 1454–1457.
Roberts, C.M. (1997b) Ecological advice for the global fisheries
crisis. Trends in Ecology and Evolution 12: 35–38.
Roberts, C.M. & Polunin, N.V.C. (1993) Marine reserves: simple
solutions to managing complex fisheries? Ambio 22: 363–368.
Rouphael, A.B. & Inglis, G.J. (1997) Impacts of recreational
SCUBA diving at sites with different reef topographies. Biological
Conservation 82: 329–336.
Sawtooth Software (1996) CVA System, Version 2.0. Sequim,
Washington, USA: Sawtooth Software. 
Schleyer, M.H. & Tomalin, B.J. (2000) Damage on South African
coral reefs and an assessment of their sustainable diving capacity
using a fisheries approach. Bulletin of Marine Science
67:1025–1042.
Shafer, C.S. & Inglis, G.J. (2000) The influence of social, biophys-
ical and managerial conditions on tourism experiences within the
Great Barrier Reef Marine Park. Environmental Management 26:
73–87.
Stockhausen, W.T., Lipcius, R.N. & Hickey, B.M. (2000) Joint
effects of larval dispersion, population regulation, marine reserve
design, and exploitation on production and recruitment in the
Caribbean spiny lobster. Bulletin of Marine Science 66: 957–990.
van Kooten, G.C. & Bulte, E.H. (2000) The Economics of Nature.
Oxford, UK: Blackwell Scientific: 528 pp.
Weimer, D. L. and Vining, A.R. (1998) Policy Analysis: Concepts
and Practices. Upple Saddle River, New Jersey, USA: Prentice-
Hall: 486 pp.
Williams, I.D. & Polunin, N.V.C. (2000) Differences between
protected and unprotected reefs of the western Caribbean in attri-
butes preferred by dive tourists. Environmental Conservation 27:
382–391.
Rudd  8/10/01  1:52 pm  Page 234
